Activation of p38 mitogen-activated protein kinase and partial reactivation of the cell cycle by cis-4-methylsphingosine direct postmitotic neurons towards apoptosis.
As shown before in three different cell types, cis-4-methylsphingosine is a synthetic, membrane permeable, pro-drug, that is taken up by cells and phosphorylated to a metabolically stable cis-4-methylsphingosine-phosphate. The synthetic compound mimicked the mitogenic effect of sphingosine-1-phosphate (S1P) in Swiss 3T3 fibroblasts, but induced apoptosis in B104 neuroblastoma cells. We now investigated its effect in differentiated primary cultured neurons. In contrast to S1P, which had no effect on growth of these postmitotic cells, cis-4-methylsphingosine-phosphate induced apoptosis. Interestingly, both compounds stimulated extracellular regulated kinase (ERK) and also p38 mitogen-activated protein kinase (MAPK). Additionally, both compounds induced an increased expression of cyclin D1 but not of cyclin E. Our results document that the different physiological effects, apoptosis in the case of the accumulating metabolically stable synthetic compound vs. no apoptosis in the case of the short-living S1P, rely only on nuances of impact. In other words both sphingoid phosphates affect similar pathways albeit in a sustained and more pronounced manner in case of the metabolically stable synthetic compound. Experiments with several pharmacological inhibitors indicate that cis-4-methylsphingosine-phosphate-induced neuronal apoptosis is mediated on the one hand by a caspase dependent and p38 MAPK forwarded pathway and on the other hand by an abortive reactivation of the cell cycle, a caspase independent process.